
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi- -
ble of- information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being
the availability of information on the

made available to expedite
●

4

research discussed herein.

1



LA-UR--88-978

DE88 007826

LOS Alamos National Laboratory IS operated by tIw Unwersity of Colifofmrn fwt@Unlld Sle!eBMpadmenlof Erfwgy under contract W.7405-ENG.36

.
q q ..79 $, :~l”p

~,

\ ,!!’ ,,.

111LE THE MAFIA APPROACHTO SOLVINGMAXWELL’SEQUATIONSIN
THREE DIMENSIONS

AUTHOR(S) R. K. Cooper and M. J. Browu@n, AT-6
T. Weiland, DESY and AT-6

SUBMITTED TO The Fourth Annual Review of Progress in Applied Computational
Electromagnetic
Monterey, CA
March 22-24, 1989

DIS(’I.AIMKR

I’hli rcp)rl wii\ prcpuro(l ,I\ ,111 UCCI)UII(,II w(}rk .IMII1.!MCI! h) III ,IKI’11(, III IIIC I II IIC(I ~lJlc.

f ;Ilv,.1 llII)CI)I Nc)tlwr \hc Itflllcd \li,(c, {;, NCI,,,, ICIII ,,,,, ,,,,, ,,~,,,,,, 11,,,,,,1, ,,,,, ,,1, ,,1 (llc,l
I,tllpl, IIrc\, It141hcs ,11)} wiilr,lnt), ctprcs\ ,If ,tt II II Ic(l, III ,I\\III III \ .III\ :( ~ II 11.II!IIII, II tv\)M,Il\I

I! II III I,br It]{. ,ti,,IIr,,\), ,,IIIIl,lcl(.r]c\\, q,, ,Ij(.flj!,}(.... ,)1 ,,,,, ,,,1, ,,,,,,, [,,,,, ,,,,,,, [ ,,,, , ,,,, HI, I,:, ,,,

l>r, hr.,\ ,lIMl,,\c,l ,,, ,CII,,..V! IIS !Il:l! ,1., ,;.,C ,~,,,,~,1 ,,q,i ,r, f,ll, V, ,,, ,$,,, ,$
,L$fl, hb,lll, 1{(11[

,.l), ,, t,,., ~,,, f,, ,,,., ,Iw, ,,,, (Iullmcl(l, ll pl,l(l!l,l, ill, , ( , ,,1 !!!!!!< l!\ :., ,1< ,,, ,,! I,llkl!l,llh,

l!l,ll! 111It 1111,.! ,,1 ,>! 1,(’,, ,, {l, M.\ t), ,! fit., ,,. %,,,,l, ,,,,, ,1,1(,1< ,,, ,, (1,,1, , !l! 1!! ,, ~~ Ihl, 1,$ <)111
tlwtltil,tlN!t\, ,11 l,,, i>l,l)~ l), 1},!. !’,,,lr,l \l,, l, .. l,, ,,,. ,(,,,,,,ll ,,, ,,, , ,,,,, ,: 1,,, 1}1, $,,*,

411!1 ,1[,11111111. 011 ,111111!!1, l\plr\\l’,j Ilcl,.,,, ,1, ! ,1, )t (,, , , .,,,,, ,1, .!,11, ,, 1!11,’1 1,),, ,,1 II,,.
Iftlll(.,1 \l,llc\ (Il,$ctlllllcll! ,1! Au) i{~rll(} Ihrlod

lhc 10+ Alamon Nnl ItIIIii I lat)ofatorv rquaatu that llla publlaha, +denllly Ih(s artlclaas work pattofmed \J,\dar theou.p(coOoflhc Ll S De~gttmorli oltnergy
..— .-

~~~~k)~os LosAlamos,NewMexic.87545
Los Alamos National Laboratory

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



The MAFIA Approach to Solving Maxwell’s
Equations in Three Dimensions*

R. K. Cooper and M. J. Browman
Mail Stop E829, Los Alamos National Laboratory

Los Alamos, NM 87545

T. Weiland
Deutsches Elektroncn-Synchrotron

Notkestrasse 85, 2000 Hamburg 52, FRG

ABSTRACT

The acronym MAFIA[~latt, 1986] stands for the solution of Maxwell’s
equations by the Finite Integration Algorithm and is the name given to a set
of codes intended for use in the computer-aided design of three-dimensional
magnets, rf structures, and structures in which wake-field effects are impor-
kant. This paper gives a brief description of the algorithms employed in both
the time- and the frequency-domain solvers of the MAFIA collection of codes.
~xamples of typical accelerator calculations will be presented.

The MAFIA Codes

Figure 1 shows the relationship betweeu the various codes in the MAFIA
collection. The individual codes arc as follows:

●Work supported by the (J, S. !hpartmcnt of l?ncrgy, O~cc of lIigh ihcrgy
and Nuclear Physics,
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may be onc single file that is simply extended by consecutive programs,
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M3– themesh generator used byallthe MAFIA codes

S3– the code that solves electro- andmagnetcwtatic problems

R3– the code that generates the matrix representation of Maxwell’s
equations for rf structures; the eigenvalues and eigenvectors of this raa-
trix give the frequencies and electric field components, respectively, of
the normal modes of the electromagnetic oscillations of the structure

E31 and E32 – the codes (only one is used for a given problem) that
solve for the eigenvalues and eigenvectors of the matrix generated by
R3; E31 is based on a semianalytic procedure~’ikkmantel, 1985] and
is a modification of an EISPACKISmlth, 1976] routine; E32 uses a
multigrid[Steffen, 1985] method.

P3 - the physics postprocessor that calculates the quantities of physical
interest, such as shunt impedance, quality factor, deflection integrals,
etc.

T3 - the wake-field code

W3COR, W30UT, W3FLS - postprocessors for T3.

The collection of programs M3, R3, E31 or E32, and P3 are also known as
URMEL-31).

The FIT Method

The Finite lntcgration Tcchniquc[Weiland, 1984, Wciland, 1985] is an
algorithm that produces a first-order approximation to Maxwell’s equations
by i .eplacing the Iinc and surface integrals, appearing in Faraday’s law and
Ampere’s law, by mea,, fieki values times path lengths and areas, respectively.
Figure 2 shows tho basic cell geometry used in this method,

Note that the electric field coml onc,nts rm not defined at a single point,
lmt at the rnidpoint~ of the sides of the rmtimgular cells, ‘l’ho magnetic

fi(’1(1mmponrut.s arc deflnod il) the mnt,;r of tllc [nrm of the CCIISM)d, takvn
togcthm, [Orm a nmsh dud to that ddinml for ttw olrctric field, only contin-
uous colllponrnt~ arc involved ill tll(’ nwignfmwt of {ichl values to tllf* Ilmh,
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Fig. 2. Ceometry and allocation of field components used in the FIT method.

and thus the As ~f the mesh may be individually filled with arbitrary per-
mittive and permeable media. Applying the FIT method to a mesh of N

nodes, we can write the discrete form of Faraday’s law as

where e and b are vectors of length 3N that represent the @ectric field and
magnetic induction, respectively; C is a 3N by 3N matrix (~ntaining only
the values O, 1, and -1) that umesponds to taking the curl of a field; D, is
a 3N by 3Nf diagonal matrix containing the lengths of the sid- of the mesh
cells; and DA io a 3N by 3N diagona] matrix containing the areas of the

rr:mh cell surfacea. Similarly, Ampere’s law can be written

where the tilde indicates that the matrix corresponds to the dual mesh. When
we take the material distribution into account and use a leapfrog integration

tech,iquc in the tirm~ variable, wc find the recursive algorithm for the calcu-
lation of time-dependent fields:

bn+l = bn - 6t(D~1CD.) en+l/’,

en+sp = en+l/2 + &(13~1fiA1~&D~* )bn+1 - dtDJ1jn+l,



where the superscripts refer to the time step (t. = n~t ), and D, and DP are
diagonal matrices describing the filling of the mesh with permittive and per-
meable media. These last two equations are solved by T3; given the initial
values of the fields, fields at a subsequent time require only two multiplica-
tions of a matrix with a vector, per time step.

If we are interested in free oscillations (i.e., undriven oscillations) of the
elect romagnet ic field, we find that combining Faraday’s law and Ampere’s
law yields a linear eigenvalue problem in which the eigenvalues are the squares
of the angular frequency of oscillation:

For the practical solution of this eigenvalue problem, this equation can be
transformed into one in which the matrix is symmetric. The program R3
constructs this symmetric matrix, incorporating material distribution and
boundary conditions into the process of construction. A more detailed treat-
ment of the application of this method to problems of electromagnetism may
be found in[Weiland, 1986].

Sample Structures

Both the time-domain and frequency-domain solvers have been used to
study the effects of cavity asymrn tries due to a waveguide feed, (See Fig. 3,)

We have also been using the frequency-domain solver to study asymme
tries due to the coupling slots in a side-coupled cavity (Figs. 4 and 5) and to
understand the jungle gym slow-wave accelerating swucture (Fig, 6), This
latter work has been accepted for p’lblication in Padicfe Accdendors [Loo,
1988].
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Fig, 4. Drawing ot’ one-half of a side- xmpled cavity accelerating structure.
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Fig. 5. Computer plot of the electric field in the symmetry plane of a side-
coupled cavity.
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Fig. 6. A computer plot of one-quarter of a three-cell jungle gym accelerating
structure.

Availability

The MAFIA codes are written in FORTRAN 77 and currently run on IBM
3081, CRAY, and VAX computers. They are also available to approved ustis
in executable form on the National Magnetic Fusion Energy Center (NM-
FEC) computers. For more information contact Carol Tull at the NMFEC
(phone 415-422-1556) or Therese Barts at LANL (Fhone 505-667-9385).

For those users who want to use the codes at their own installation,
there are examples of three graphics interfaces available: DISSPLA on a Los
Alamos Cray, PLOT-10 on the DESY IBM 3081, PLOT-10 on the VAX-
VMS, and GKS on the DESY IBM 3081. The codes are available without
charge to approved ncnprofit organizations; for further information contact
Thomas Weiland at DESY (Phone: 49-40-8998-3196). Users may not modify
nor distribute the codes, and they are asked to be friendly and sometimes
patient, Users at other than nonprofit institutions should mntact DESY for
special contractual arrangements.

Documentation[Cooper, 1987] may be obtained by writing the following
address:

Los Alamos Accelerator Code Group
AT-6, Mail Stop H-829
Los Alamon National Laboratory
Los Alamos, NM 87545

The phone number is 505-667-2839.
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